Introduction
Macroalgal-dominated coastal detritic bottoms constitute major habitats of continental shelves occurring near the shore (Pérès & Picard, 1964; Picard, 1965; Pérès, 1985) . The soft bottoms where these coastal detritic bottoms develop are composed of low percentages of silt, sand and gravels, mixed with a large quantity of calcareous skeletons from benthic organisms such as molluscs, bryozoans, corals, echinoderms and macroalgae, with the free-living members of the orders Corallinales and Peyssonneliales being the major constituents of these bottoms (Pérès, 1985; Klein & Verlaque, 2009) . Animal skeletons and calcareous algae create a secondary hard substratum that allows the settlement of organisms usually found on rocky bottoms (Bianchi, 2001) , contributing to the presence of high species diversity (with taxa typical of both soft and hard bottoms), and high functional diversity (Cabioch, 1969; Ballantine et al., 1994; Birkett et al., 1998; Foster, 2001; Steller et al., 2003) .
The bathymetric distribution of macroalgal-dominated coastal detritic bottoms depends mainly on light, water turbulence and current conditions (Jacquotte, 1962; Pérès & Picard, 1964; Ros et al., 1985; Ballesteros, 1992; Sciberras et al., 2009) . Thus, the high light transmittance and the low water turbidity of Mediterranean waters (especially in the Balearic Islands: Canals & Ballesteros, 1997; Fornós & Ahr, 1997) allows the development of macroalgal-dominated detritic bottoms down to 90 m in this area (Picard, 1965; Augier, 1982; Pérès, 1985; BIOMAERL team, 1999; Bellan-Santini et al., 2002; Hall-Spencer et al., 2010) , while in the Northeastern Atlantic they are usually present at depths above 30 m (Pérès & Picard, 1964; Birkett et al., 1998; BIOMAERL team, 1999; Peña, 2010; Peña et al., 2014) . However, even if their bathymetric distribution greatly differs, all macroalgal-dominated detritic bottoms of the European coasts (including the Mediterranean and the Northeastern Atlantic), have been considered as analogous habitats (Pérès & Picard, 1964) .
European macroalgal-dominated coastal detritic assemblages have been extensively studied. Various categories or facies have been described in the Mediterranean (Pérès & Picard, 1964; Augier, 1982; Giaccone et al., 1994; Templado et al., 2012) , but only maërl beds (e.g. Huvé, 1956; Costa, 1960; Jacquotte, 1962; Gómez et al., 1986; Ballesteros, 1988; Joher et al., 2015) , kelp forests of Laminaria rodriguezii (Joher et al., 2015) , and Peyssonnelia beds (e.g. Huvé, 1954; Ballesteros, 1994; Joher et al., 2015) have been studied at community lev-Medit. Mar. Sci., 17/2, 2016, 476-495 477 el. In contrast, the majority of studies performed in the Northeastern Atlantic have focused on the study of maërl beds (e.g. Hily et al., 1992; Perrins et al., 1995; OteroSchmitt & Pérez-Cirera, 2002; Bárbara et al., 2004; Peña & Bárbara, 2006) , suggesting that they are the predominant type of detritic bottoms in this region.
Despite the amount of descriptive literature focusing on algal detritic communities from the Mediterranean and the Northeastern Atlantic coasts, a quantitative comparison is not easy to perform because most of the available data are presented either as checklists for wide geographic zones (e.g. Peña & Bárbara, 2013; Peña et al., 2014) , or as semi-quantitative data at phytosociological scale (e.g. Otero-Schmitt & Pérez-Cirera, 2002) . Furthermore, although maërl beds and their associated flora have been qualitatively compared at European level (BIOMAERL team, 1999; Peña & Bárbara, 2008; Peña et al., 2014) , we are not aware of any attempt to compare the species composition and distribution of all macroalgal-dominated coastal detritic communities. For these reasons, the aim of this article is to compare the species composition and the distribution of macroalgal-dominated coastal detritic communities described so far in the Western Mediterranean Sea and the Northeastern Atlantic Ocean.
Material and Methods
Data used in this paper was derived from our own samples and from the literature. Our samples were collected in the Menorca Channel and Southern Menorca (Balearic Islands, Spain) during the MEDITS_ES05_09 sampling survey by means of Box-Corer dredging and beam trawling, as detailed in Joher et al. (2015) . Literature data were compiled from studies performed in the Western Mediterranean (in the Spanish areas of the Costa Brava and the Balearic Islands) and in the Northeastern Atlantic (United Kingdom, French Brittany, and Galicia, Spain). Literature providing checklists concerning wide areas, different sampling stations and probably different communities compiled into a single list (e.g. Blunden et al., 1977; Soto, 1990; BIOMAERL team, 1999; Peña & Bárbara, 2013; Peña et al., 2014) , works focused only on maërl epiflora (e.g. Cabioch, 1969; Augier & Boudouresque, 1978) , or old studies that shed doubts on species identification (e.g. Huvé, 1954 Huvé, , 1956 Jacquotte, 1962) , were disregarded.
Taking into account these criteria, nine studies and 224 inventories of macroalgal detritic communities were selected from published references (Table 1) : 4 articles with 38 inventories from the Western Mediterranean, and 5 studies with 186 inventories from the Northeastern Atlantic.
As the majority of studies did not provide quantitative data, a qualitative approach was adopted for the comparison of the macroalgal communities developed in the coastal detritic bottoms of the Western Mediterranean and the Northeastern Atlantic. Therefore, a similarity matrix was constructed based on the Sørensen similarity index, including only the taxa identified to genus and species levels and avoiding the unidentified taxa referring to family and order levels. nMDS ordination was used to visualize patterns of similarities between samples (Kruskal & Wish, 1978) and cluster analysis, using single linkage, was performed to obtain the groups of samples. Identification of the sample groups was performed by selecting the percentage of similarity that presented the best fit with the pattern shown in the nMDS. The SIM-PER test allowed the identification of the main characteristic species for each group of samples. Following Joher et al. (2012 Joher et al. ( , 2015 , the species that contributed up to the 70% of similarity between the samples of each group were identified as characteristic species.
To elucidate the importance of the basal and erect stratums in the differentiation of the macroalgal-dominated coastal detritic communities from European coasts, statistical analyses (nMDS, cluster analysis and SIMPER test) were also performed taking into account, separately, non maërl-forming (non-MFS) and maërl-forming species (MFS) (the species considered as MFS are listed in Appendix 1).
All statistical analyses were performed with PRIM-ER, version 6, software (Clarke & Warwick, 2001) .
Results
Four different macroalgal detritic communities were represented in the inventories: maërl beds characterized mainly by Lithothamnion corallioides and Phymatolithon calcareum in both regions; kelp forests of Laminaria rodriguezii and Peyssonnelia beds with different characteristic Peyssonnelia species in the Western Mediterranean; and kelp forests of Saccharina latissima in the Northeastern Atlantic (Table 1) .
A total of 322 taxa found in the inventories were taken into account, of which 252 were Rhodophyta, 42 Phaeophyceae, 26 Chlorophyta and 2 Tracheophyta (Fig. 1) . The Western Mediterranean was the richest zone with 200 species, including 149 exclusive species (= species that were only present on the detritic bottoms of this area), while the Northeastern Atlantic harboured 173 species, of which 122 were exclusive. The exclusive species were usually non-MFS, although some exclusive MFS were also present in the Western Mediterranean. Besides, exclusive species were mostly endemic and subtropical in the Western Mediterranean, whereas they were boreal and North-Atlantic temperate in the Northeastern Atlantic. Furthermore, the two regions had 51 species (15.8%) in common (see Appendix 1 for a complete list of taxa). All regions and zones presented maërl-forming species (up to 13 different species), the Western Mediterranean being the region with the highest number of MFS (Fig. 1) .
Analyses involving all the species
Seven groups of sample were distinguished at 45.2% of similarity, taking into account all taxa (Fig. 2) . Samples from the Western Mediterranean were mainly assembled in four clusters (A, B, C and D), while three groups (E, F and G) were identified for the samples from the Northeastern Atlantic. Thus, for the Western Mediterranean, all the samples from the Costa Brava were gathered in group A, and those from the Balearic Islands were found in groups B, C and D. Only one sample from the Balearic Islands (sample 8) did not follow this pattern Fig. 1 : Number of taxa (n) found in the studies used for the comparison of the detritic algal beds of the Western Mediterranean and the Northeastern Atlantic. We provide global, regional and site-specific data as well as the number of exclusive species for the corresponding regions and the number of maërl-forming species for each one of the geographic areas (in brackets).
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In the Western Mediterranean, samples from the Costa Brava (group A) were described as maërl beds of Spongites fruticulosus with Phymatolithon calcareum, while those from the Balearic Islands corresponded to Laminaria rodriguezii forests and Peyssonnelia beds (group B), maërl of Spongites fruticulosus with Phymatolithon calcareum and Lithothamnion valens (group C), and maërl of Phymatolithon calcareum (group D) ( Table  2 ). The samples from the macroalgal detritic communities of the Balearic Islands included a higher number of species compared to those of the Costa Brava (Fig. 1 ). All Western Mediterranean groups were characterized by a number of Mediterranean exclusive species (e.g. Cryptonemia tuniformis, Flabellia petiolata or Peyssonnelia harveyana) ( Table 2) .
Almost all samples from the Northeastern Atlantic were described as maërl beds, with the exception of one sample from the United Kingdom, which corresponded to a Saccharina latissima kelp forest (Table 1 ). The samples from the United Kingdom and some of those from Galicia (group E) were identified as maërl beds dominated by Lithothamnion corallioides, Phymatolithon calcareum or both species; those from French Brittany (group F) corresponded to maërl beds dominated by Lithothamnion corallioides; and the majority of samples from Galicia (group G) were described as maërl beds with both Lithothamnion corallioides and Phymatolithon calcareum (Table  2 ). These maërl beds were distinguished by the number of species mainly, which decreases with latitude, being higher in Galicia and very low in the United Kingdom (Fig. 1 ). The three sample groups were characterized by a number of exclusive soft algae (e.g. Cutleria multifida, Polysiphonia flexella or Stenogramma interruptum) as well as other species with a wider distribution (Table 3) .
Analyses involving non-MFS only
In the statistical analyses performed with non-MFS only (Fig. 3) , a smaller number of groups than in the analysis performed with all the species were identified at 41% of similarity. This is due to the fact that the samples from the Western Mediterranean, which grouped in four groups in the previous analysis, were gathered here in a single group (group A). The sample from the Balearic Islands that previously joined the Atlantic samples (sample 8), corresponded here to a one-sample group (group B). Moreover, in the Northeastern Atlantic, the samples formed exactly the same groups as in the previous analysis.
The samples from the Costa Brava and the Balearic Islands (group A) were characterized by a high number of species, including a high number of exclusive Mediterranean species (Table 4) . These samples corresponded Table 1 . Costa Brava (7) Balearic Islands (15)
Balearic Islands (7) Balearic Islands (8) to Laminaria rodriguezii forests, Peyssonnelia beds, maërl of Phymatolithon calcareum, maërl of Spongites fruticulosus with Phymatolithon calcareum and Lithothamnion valens, and maërl of Phymatolithon calcareum (Table 4) . Lastly, the single-sample group B was identified as a sample from a Balearic Peyssonnelia bed, which presented a low number of species compared with the other samples collected at the same locality. The identified communities of the Northeastern Atlantic groups were the same as the grouping obtained when considering all the species (Tables 2 and 4) .
Analyses involving MFS only
In the analysis performed using MFS only (Fig. 4) Finally, no MFS were found in group D, which included only one sample from the United Kingdom corresponding to a forest of Saccharina latissima.
Discussion
The algal communities from the detritic bottoms studied here presented large qualitative differences. Thus, as regards the number of species, the samples from the Western Mediterranean were richer, both in MFS and non-MFS, than those from the Northeastern Atlantic. The higher MFS richness of the Mediterranean coastal detritic bottoms compared to that of the Northeastern Atlantic found in this study has also been pointed in the past by Birkett et al. (1998) , the BIOMAERL team (1999) and Peña & Bár-bara (2008) . Besides, the analyses showed that the number of species increased from North to South in the two studied regions (Fig. 1) . This increase might be due to an increased stability of the environmental conditions that would enable the development of a higher number of species. However, although similar results have been obtained previously in the Northeastern Atlantic (BIOMAERL team, 1999; Peña & Bárbara, 2008; Pardo et al., 2014; Peña et al., 2014) , this increase could be due to differences in sampling effort, as highlighted previously by and Peña et al. (2014) . The sample groups corresponding to 41% of similarity between samples, and the geographic zones are distinguished by symbols. Sample codes correspond to studies in Table 1 .
The species composition of the samples from the Western Mediterranean and the Northeastern Atlantic significantly differed, mainly because both regions had a high number of exclusive species (representing 74.5% and 70.5% of total species, respectively). As exclusive species were mainly non-MFS, these contributed to a great extent to the distinction of the two regions (see Appendix 1 for a detailed list of exclusive species). However, in this regard it is important to highlight that we were unable to provide a complete list of exclusive species, as some of the literature concerning these bottoms were excluded from the current study because they did not provide data at community level.
In the Western Mediterranean, all samples gathered into a single cluster, while three different geographic areas where distinguished in the Northeastern Atlantic. The fact that geographic areas in the Western Mediterranean were qualitatively indistinct was a consequence of the presence of up to 128 exclusive species (including 10 MFS) found in both sampling areas (the Costa Brava and the Balearic Islands). In contrast, the presence of exclusive species for each one of the three geographic areas of the Northeastern Atlantic (4 in the United Kingdom, 11 in French Brittany, and 92 in Galicia) constituted the basis for distinguishing these areas. 
Described communities

Maërl of Lithothamnion corallioides
Maërl The macroalgal-dominated coastal detritic samples from the Western Mediterranean and those from the Northeastern Atlantic could not be clearly distinguished according to their MFS composition. In consequence, part of the Western Mediterranean samples gathered with samples from the Northeastern Atlantic, mainly because of the widespread presence of Lithothamnion corallioides and Phymatolithon calcareum in both regions. Although these two species have been reported to coexist on the same maërl beds (e.g. Jacquotte, 1962; Hily et al., 1992; Perrins et al., 1995; Peña & Bárbara, 2006) , some Northeastern Atlantic locations were characterized by the presence of only one of these species (e.g. Hily et al., 1992; Perrins et al., 1995; Otero-Schmitt & Pérez-Cirera, 2002) . The presence of only Lithothamnion corallioides or Phymatolithon calcareum at some localities could be a consequence of their misidentification, as these species are known to be morphologically very similar (De Grave & Whitaker, 1999; Peña & Bárbara, 2004) . However, it is also possible that specific local environmental conditions influenced the development of only one of these two widespread species.
The distribution of the MFS included in this study generally agrees with the patterns reported by the BI- Fig. 4 : nMDS ordination (A, 2D nMDS; B, 3D nMDS) based on qualitative data for all the inventories taking into account the maërl-forming species only. The sample groups corresponding to 80% of similarity between samples, and the geographic zones are distinguished by symbols. Sample codes correspond to studies in Table 1 . (146) French Brittany (21) Galicia (11) Costa Brava (7) Galicia (8) http://epublishing.ekt.gr | e-Publisher: EKT | Downloaded at 03/08/2019 13:57:59 | Medit. Mar. Sci., 17/2, 2016, 476-495 485 OMAERL team (1999) and Peña & Bárbara (2008) . The former authors presented a distribution map of the main MFS along the European coasts; here we propose the addition of Spongites fruticulosus as a characteristic species for the Mediterranean (Fig. 5) , because this species can be remarkably abundant, at least, in some habitats described in the Costa Brava and the Balearic Islands (Ballesteros, 1988; Joher et al., 2012 Joher et al., , 2015 . Although other MFS have been reported to be present on the detritic bottoms of European coasts (e.g. Lithophyllum dentatum, Neogoniolithon brassica-florida and Phymatolithon purpureum), we did not take them into account here as they were not present in the inventories included in the current study while some of them show restricted distribution or need taxonomic review (Pardo et al., 2014) . This is also the case for different Mesophyllum species, whose identification has to be revisited. In fact, Peña et al. (2015) did not find M. lichenoides nor M. alternans in the Mediterranean but M. sphaericum and M. macroblastum (Kaleb et al., 2011; Peña et al., 2011) , which creates certain doubts about the correct identification of most specimens corresponding to the genus Mesophyllum. The different algal communities considered in the selected literature (maërl beds, kelp forests and Peyssonnelia beds) have usually been described from a quantitative point of view, i.e. on the basis of the most abundant and/ or representative species. Our results suggest that despite these communities present some differences in species composition, they cannot be easily distinguished qualitatively, especially those developing in the Western Mediterranean, as pointed out previously for the macroalgaldominated detritic bottoms of Port-Cros National Park (France) (Augier & Boudouresque, 1978) . Consequently, all the macroalgal-dominated coastal detritic bottoms in the Western Mediterranean and the Northeastern Atlantic should be qualitatively considered as maërl beds, due to the presence of a basal stratum composed mainly of Lithothamnion corallioides, Phymatolithon calcareum and Spongites fruticulosus, and a more-or-less developed erect stratum. However, these beds present different morphologies pertaining to their composition and vertical structure, i.e. the species richness of the basal and erect stratums. Moreover, the macroalgal-dominated coastal detritic bottoms in the Western Mediterranean showed similar composition of the well-developed erect stratum, but they differed as regards the MFS found in the basal stratum. In contrast, bottoms developing in the Northeastern Atlantic presented high similarities in the composition of the basal stratum, but they differed greatly as regards the development of the erect stratum. Thus, five (Table 6) The distribution of the proposed five detritic bottom types can be associated with some biogeographic models, such as the one proposed by Spalding et al. (2007) . Thus, all the European macroalgal detritic bottoms belong to the Temperate Northern Atlantic realm. However, those of the Western Mediterranean are found only in one province, the Mediterranean Sea Province, while those of the Northeastern Atlantic are more diverse. In this area, the maërl beds of Lithothamnion corallioides with a well-developed erect stratum are restricted to the Northern European Seas province, the maërl beds of Lithothamnion corallioides and Phymatolithon calcareum with a well-developed erect stratum are found in the Lusitanian province only, and the maërl bottoms of Phymatolithon calcareum and Lithothamnion corallioides with a poor erect stratum are found in the Northern European Seas and the Lusitanian provinces. In our opinion, the samples from Galicia that cluster with the ones of the United Kingdom showed in the later morphology, correspond to impoverished Galician maërl beds.
As noted before, the differing bathymetrical distribution of macroalgal-dominated coastal detritic bottoms in the Mediterranean and the Northeastern Atlantic is well-known (e.g. Pérès & Picard, 1964; Picard, 1965; Pérès, 1985; Birkett et al., 1998; BIOMAERL team, 1999; Bellan-Santini et al., 2002; Hall-Spencer et al., 2010; Peña, 2010; Peña et al., 2014) , but there is a lack of knowledge concerning their geographic distribution. Future studies could reveal the presence of more algal communities on the detritic bottoms of the Eu- (Spalding et al., 2007) Mediterranean Sea province in Temperate Northern Atlantic realm (Spalding et al., 2007) Northern European Seas and Lusitanian provinces in Temperate Northern Atlantic realm (Spalding et al., 2007) Northern European Seas province in Temperate Northern Atlantic realm (Spalding et al., 2007) Lusitanian province in Temperate Northern Atlantic realm (Spalding et al., 2007) ropean coasts and help to understand the environmental processes involved in their distribution. In this sense, the meadows dominated by the fleshy red algae Osmundaria volubilis and Phyllophora crispa are widely found on the continental shelf off the Balearic Islands Joher et al., 2012) , as well as some other assemblages dominated by fleshy algae such as Cryptonemia longiarticulata and Halopteris filicina, located in the same zone (C. Rodríguez-Prieto and S. Joher, personal observations), but no exhaustive studies have been performed yet to characterize these communities. These new studies should also include detailed quantitative data in order to improve the identification of the different kinds of macroalgal-dominated coastal detritic bottoms and their characteristic species. 
